HIGH-SPEED DATA BUFFER 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to a high-speed data buffer, 
and more particularly, to a data buffer applicable to a single data rate buffer 
adopting either the rising edge or the falling edge of the clock signal and 
also a double data rate buffer adopting both the rising edge and the falling 
edge of the clock signal. Such a high-speed data buffer is suitable for use in 
high-speed data communication systems. 

2. Description of the Prior Art 

In recent years, as the demands for a higher speed of data processing 
and a higher frequency for operation in the computer system continuously 
increase, designers of high-speed circuits have often encountered problems 
due to insufficient processing timing margin. Therefore, it has become an 
important topic to well control the timing of the rising edge and the falling 
edge of the clock signal. 

On the other hand, IEEE- 1394 has become a standard fo^ 
communication interface for fixture digital information products since 
Japan-based superpowers of electrical/electronic products have promoted 
the applications of IEEE-1394 in digital information products. Nowadays, 
IEEE- 13 94 has been widely adopted in the state-of-the-art digital cameras 
such as DV and D8 in Japan, the United States and Europe, and therefore 
the research and development of the related communication products has 
drawn a great amount of interests. 

Accordingly, the applications of high-speed transfer data in 
combination with the IEEE-1394 Series Bus have attracted the industry's 
investment. For an exemplary embodiment of the prior art, when the 
receiving end of the physical layer of the IEEE-1394 Series Bus is to be 
operated at 400 Mbit/sec, the data with a 200 MHz clock is decoded and 
then delivered (due to the double data rate). When the receiving end 
receives the data and the clock signal, in the worst case, a clock cycle can 
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be as short as 3 ns (nano-second) and a clock pulse can be as short as only 
0.6 ns because of jitter and skew generated during the process in which the 
data and the clock signal pass through the cable or other circuit elements. 
For 0.35 ixm process, the clock-to-output of a flip-flop takes about 0.6 ns to 
5 1 ns. Therefore, the receiving end meets a serious problem in that 
insufficient timing leads to an error when the data are input into the data 
buffer. The explanation is described hereinafter. 

Please refer to FIG. 1, which shows a circuit diagram illustrating a 
conventional data buffer in the prior art, exemplified by a 2x2 double data 

10 rate buffer, wherein the buffer circuit is structured to form a 
falling-edge-triggered ring counter. Such a data buffer comprises a first 
D-type flip-flop 2 with the negative output coupled back to the D input, 
forming a clock output circuit; and a second D-type flip-flop 4 and a third 
D-type flip-flop 6, forming a falling-edge-triggered ring counter, wherein 

15 the first flag signal FLAGl represents the output of the second D-type 
flip-flop 4 and the second flag signal FLAG2 represents the output of the 
third D-type flip-flop 6. The positive output of the third D-type flip-flop 6 
is coupled back to the D input of the second D-type flip-flop 4 so as to form 
a ring counter. 

20 FIG. 2 shows two sampling circuits. In particular, FIG. 2 A illustrates a 

first rising-edge sampling circuit operative for generation of a first 
sampling clock signal CLKl, wherein said first sampling clock signal 
CLKl is generated by an AND operation of the clock signal and the first 
flag signal FLAGl provided by a first AND gate 12; while, similarly, FIG. 

25 2B illustrates a second rising-edge sampling circuit operative for 
generation of a second sampling clock signal CLK2, wherein said second 
sampling clock signal CLK2 is generated by an AND operation of the clock 
signal and the second flag signal FLAG2 provided by a second AND gate 
14. On the other hand, the circuit structure shown in FIG. 3 A and FIG. 3B 

30 is almost identical to that shown in FIG. 2 A and FIG. 2B. The only 
difference is that the sampling circuits in FIG. 3A and FIG. 3B are 
falling-edge-triggered, and the related circuit elements and configurations 
are the same. In addition, it is fiirther found that, in FIG. 2 and FIG. 3, the 
same circuit structure is adopted for both rising-edge sampling circuits and 

35 falling-edge sampling circuits, and such a circuit structure is different fi-om 
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our inventive circuit structure. 

Please refer to FIG. 4, which is a general timing diagram of the 
conventional circuit shown in FIG. 2 and FIG. 3, wherein the first sampling 
clock signal CLKl is proved to be obtained by an AND operation of the 
clock signal and the first flag signal FLAGl, and similarly the second 
sampling clock signal CLK2 is proved to be obtained by an AND operation 
of the clock signal and the second flag signal FLAG2. In FIG. 4, the data 
transfer is performed in a low-level region (labeled as "a") of the timing of 
the clock signal, and the low-level region is limited to be within only half a 
clock cycle. Therefore, the first sampling clock signal CLKl and the 
second sampling clock signal CLK2 remain unaffected because the 
transitions of the first flag signal FLAGl and the second flag signal 
FLAG2 are performed in a low-level region. 

FIG. 5 shows a timing diagram relative to that shown in FIG. 4. In the 
drawing, the error in high-speed operations of a general buffer circuit as 
shown in FIG. 2 and FIG. 3 has been illustrated, wherein the time interval 
between clock II and clock III is 0.6 ns. When the transitions of the first 
flag signal FLAGl and the second flag signal FLAG2 occur during clock 
III, the excess pulse (labeled as "b") may cause a certain amount of error 
data input into the buffer such that the incomplete pulse (labeled as "c") 
may lead to an error of sampling data. In such a maimer, the mentioned 
insufficient timing problem in that the error data are stored in the buffer 
occurs and may become more serious in high-speed data transfer operations. 
Moreover, in the prior art, the transitions of the flag signals can only be 
performed in a half-a-clock-cycle low-level region of the timing of the 
clock signal; otherwise, the excess pulse signal may cause an error storage 
of the data. Needless to say, there is a need for solving the problem. 

SUMMARY OF THE INVENTION 

In order to overcome the above problem, it is the primary object of the 
present invention to provide a high-speed data buffer, wherein a buffer 
circuit ib divided into two sampling circuits composed of a rising-edge 
device and a falling-edge device by using double data rate sampling 
technique adopting both the rising edge and the falling edge of the clock 
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signal. In such manner, the data buffer of the present invention can be 
applicable to a single data rate buffer adopting either the rising edge or the 
falling edge of the clock signal and also a double data rate buffer adopting 
both the rising edge and the falling edge of the clock signal. Moreover, the 
5 timing margin of the flag signal can be prolonged from half a clock cycle to 
a full clock cycle so as to meet the requirement for high-speed applications. 

To accomplish the foregoing object, the present invention provides a 
high-speed data buffer that comprises AND gates operative for generation 
of rising-edge sampling clock signals and OR gates operative for 

10 generation of falling-edge sampling clock signals to form a sampling 
circuit. In such a manner, the excess pulse edge can be ensured to occur 
before the correct edge so that the error data caused by the excess pulse can 
be over-written with the correct data input afterwards. Therefore, a clock 
cycle of timing margin can be obtained and the data stored in the data 

15 buffer can be ensured to be correct. 

It is preferable that the embodiment of the present invention discloses 
mainly the data buffer adopting the rising edge and the falling edge. For the 
data buffer adopting either the rising edge or the falling edge, however, 
only the circuit adopting the rising edge or the circuit adopting the falling 
20 edge is necessarily used. 

It is preferable that the high-speed data buffer can be applicable to not 
only high-speed data communication systems but also all kinds of 
high-speed system in which data buffers are necessary. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 The objects, spirits and advantages of the preferred embodiment of the 

present invention will be readily understood by the accompanying drawings 
and detailed descriptions, wherein: 

FIG. 1 shows a circuit diagram illustrating a conventional data buffer 
in the prior art, exemplified by a 2x2 double data rate buffer, wherein the 
30 buffer ci:xuit is structured to form a falling-edge-triggered ring counter; 

FIG. 2A illustrates a first rising-edge sampling circuit operative for 
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generation of a first sampling clock signal in the prior art; 

FIG. 2B illustrates a second rising-edge sampling circuit operative for 
generation of a second sampling clock signal in the prior art; 

FIG. 3A illustrates a first falling-edge sampling circuit operative for 
5 generation of a first sampling clock signal in the prior art; 

FIG. 3B illustrates a second falling-edge sampling circuit operative for 
generation of a second sampling clock signal in the prior art; 

FIG, 4 shows a general timing diagram of the conventional data buffer 
in the pr or art; 

10 FIG. 5 shows a timing diagram illustrating an error in high-speed 

operations of the conventional data buffer in the prior art; 

FIG. 6 shows a circuit diagram illustrating a trigger circuit (ring 
counter) of the rising-edge portion in accordance with one embodiment of 
the present invention; 

15 FIG. 7 A illustrates a first rising-edge sampling circuit operative for 

generation of a first rising sampling clock signal in accordance with one 
embodiment of the present invention; 

FIG. 7B illustrates a second rising-edge sampling circuit operative for 
generation of a second rising sampling clock signal in accordance with one 
20 embodiment of the present invention; 

FIG. 8 shows a timing diagram of the rising-edge portion in 
accordance with one embodiment of the present invention, wherein the 
transitions of the flag signals are performed in a high-level region; 

FIG. 9 shows a timing diagram of the rising-edge portion in 
25 accordance with one embodiment of the present invention, wherein the 
transitions of the flag signals are^performed in a low-level region; 

FIG. 10 shows a circuit diagram illustrating a trigger circuit (ring 
counter) of the falling-edge portion in accordance with one embodiment of 
the present invention; 
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FIG. IIA illustrates a first falling-edge sampling circuit operative for 
generation of a first falling sampling clock signal in accordance with 
another embodiment of the present invention; 

FIG. 11 B illustrates a second falling-edge sampling circuit operative 
5 for generation of a second falling sampling clock signal in accordance with 
another embodiment of the present invention; 

FIG. 12 shows a timing diagram of the falling-edge portion in 
accordance with another embodiment of the present invention, wherein the 
transitions of the flag signals are performed in a low-level region; and 

10 FIG. 13 shows a timing diagram of the falling-edge portion in 

accordance with another embodiment of the present invention, wherein the 
transitions of the flag signals are performed in a high-level region. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a high-speed data buffer, wherein a 
15 buffer circuit comprising a ring counter is divided into two sampling 
circuits comprising a rising-edge portion and a falling-edge portion, and 
AND gates and OR gates are used for generation of sampling clock signals. 
In such a manner, the excess pulse edge can be ensured to occur before the 
correct edge so that the error data caused by the excess pulse can be 
20 over-written with the correct data input afterwards. Therefore, a clock cycle 
of timing margin can be obtained and- the data stored in the data buffer can 
be ensured to be correct. 

For a further explanation of the present invention, to begin with, the 
rising-edge device comprises a trigger circuit and a plurality of rising-edge 

25 circuits so as to store the data. For the trigger circuit, please refer to FIG. 6, 
which is a circuit diagram illustrating a trigger circuit 19 (ring counter) of 
the rising-edge portion in accordance with one embodiment of the present 
invention. As shown in the drawing, said trigger circuit 19 composed of a 
ring counter receives a clock signal which is to be counted and then 

30 generate a first rising flag signal FLAG Rl and a second rising flag signal 
FLAG R2. The preferred embodiment of the present invention as shown in 
FIG. 6 is exemplified by a 2x2 configuration, which comprises a second 
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D-type flip-flop 22 and a third D-type flip-flop 24 serially connected, 
forming a ring counter with the output of said third D-type flip-flop 24 
coupled back to the D input of said second D-type flip-flop 22; and a first 
D-type flip-flop 20 connected to the input of said ring counter (i.e. said 
5 second D-type flip-flop 22) so as to provide said trigger circuit (ring 
counter) with required clock signals. 

For the foregoing rising-edge sampling circuits 29 and 39, please refer 
to FIG. 7 A and FIG. 7B, In particular, FIG. 7 A illustrates a first rising-edge 
sampling circuit operative for generation of a first rising sampling clock 

10 signal CLK Rl in accordance with one embodiment of the present 
invention. Said rising-edge sampling circuit 29 comprises two serially 
connected D-type flip-flops. The preferred embodiment of the present 
invention as shown in FIG. 7A is exemplified by a 2x2 configuration, 
which comprises a first D-type sampling flip-flop 30 and a second D-type 

15 sampling flip-flop 32 serially connected so as to store the sampled data. 
The number of D-type sampling flip-flops can be increased according to the 
user's need. Said first rising sampling clock signal CLK Rl generated by 
an AND operation of said clock signal and said first rising flag signal 
FLAG Rl provided by a first AND gate 34 is input into said serially 

20 connected D-type flip-flops for timing control during data sampling. 

On the other hand, FIG. 7B illustrates a second rising-edge sampling 
circuit operative for generation of a second rising sampling clock signal 
CLK R2 in accordance with one embodiment of the present invention. Said 
rising-edge sampling circuit 39 is composed of two serially connected 

25 D-type flip-flops. The preferred embodiment of the present invention as 
shown in FIG. 7B is exemplified by a 2x2 configuration, which comprises 
a third D-type sampling flip-flop 40 and a fourth D-type sampling flip-flop 
42 serially connected so as to store the sampled data. The number of D-type 
sampling flip-flops can be increased according to the user's need. Said 

30 second rising sampling clock signal CLK R2 generated by an AND 
operation of said clock signal and said second rising flag signal FLAG R2 
provided by a second AND gate 44 is input into said serially connected 
D-type flip-flops for timing control during data sampling. 

Please refer to FIG. 8, which shows a timing diagram of the 
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rising-edge portion in accordance with one embodiment of the present 
invention, wherein the transitions of the flag signals are performed in a 
high-level region. In FIG. 8, the excess pulse edge (labeled as "e") occurs 
when the data transfer is performed in a high-level region and when the 
sampling is performed in the rising transition. For example, when, the 
transitions of said first rising flag signal FLAG Rl and said second rising 
flag signal FLAG R2 are performed in the region "d" where clock II is high, 
the sampled data in the rising transition may be an error, but can be 
over- written with the correct data f sampled afterwards. On the other hand, 
FIG. 9 shows a timing diagram of the rising-edge portion in accordance 
with one embodiment of the present invention, wherein the transitions of 
the flag signals are performed in a low-level region. This case occurs in a 
normal condition in which the transitions of said first rising flag signal 
FLAG Rl and said second rising flag signal FLAG R2 are performed in the 
region "d" where clock II is low, therefore the sampled data are correct. 

For the related circuit of the falling-edge portion according to the 
preferred embodiment of the present invention, please refer to FIG. 10, 
which si- ows a circuit diagram illustrating a trigger circuit 49 (ring counter) 
of the falling-edge portion in accordance with another embodiment of the 
present invention. As shown in drawing, said trigger circuit 49 composed 
of a ring counter receives a clock signal which is to be counted and then 
generate a first falling flag signal FLAG Fl and a second falling flag signal 
FLAG F2. The preferred embodiment of the present invention as shown in 
FIG. 10 is exemplified by a 2x2 configuration, which comprises a fifth 
D-type flip-flop 52 and a sixth D-type flip-flop 54 serially connected, 
forming a ring counter with the output of said sixth D-type flip-flop 54 
coupled back to the D input of said fifth D-type flip-flop 52; and a fourth 
D-type flip-flop 50 connected to the input of said ring counter (i.e. said 
fifth D-type flip-flop 52) so as to provide the said trigger circuit (ring 
counter) with required clock signals. 

For the falling-edge sampling circuits 59 and 69, please refer to FIG. 
IIA and FIG. IIB. In particular, FIG. IIA illustrates a first falling-edge 
sampling circuit operative for generation of a first falling sampling clock 
signal CLK Fl in accordance with another embodiment of the present 
invention. Said falling-edge sampling circuit 59 is composed of two serially 
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connected D-type flip-flops. The preferred embodiment of the present 
invention as shown in FIG. IIA is exempHfied by a 2x2 configuration, 
which comprises a first D-type sampling flip-flop 60 and a second D-type 
sampling flip-flop 62 serially connected so as to store the sampled data. 
5 The number of D-type samphng flip-flops can be increased according to the 
user's need. Said first falhng sampling clock signal CLK Fl generated by 
an OR operation of said clock signal and said first falling flag signal FLAG 
Fl provided by a first OR gate 64 is input into said serially connected 
D-type flip-flops for timing control during data sampling. 

On the other hand, FIG. 1 IB illustrates a second falling-edge sampling 
circuit operative for generation of a second falling sampling clock signal 
CLK F2 in accordance with another embodiment of the present invention. 
Said rising-edge sampling circuit 69 is composed of two serially connected 
D-type flip-flops. The preferred embodiment of the present invention as 
shown in FIG. 7B is exemplified by a 2x2 configuration, which comprises 
a third D-type sampling flip-flop 70 and a fourth D-type sampling flip-flop 
72 serially connected so as to store the sampled data. The number of D-type 
sampling flip-flops can be increased according to the user's need. Said 
second falling sampling clock signal CLK F2 generated by an OR 
operation of said clock signal and said second falling flag signal FLAG F2 
provided by a second OR gate 74 is input into said serially connected 
D-type flip-flops for timing control during data sampling. 

Please refer to FIG. 12, which shows a timing diagram of the 
falling-edge portion in accordance with another embodiment of the present 
25 invention, wherein the transitions of the flag signals are performed in a 
low- level region. In FIG. 12, the excess pulse edge (labeled as "i'') occurs 
when the data transfer is performed in a low-level region and when the 
sampling is performed in the falling transition. For example, when the 
transitions of said first falling flag signal FLAG Fl and said second falling 
30 flag signal FLAG F2 are performed in the region "h" where clock II is low, 
the sampled data in the falling transition may be an error, but can be 
over-written with the correct data j sampled afterwards. 

Similarly, FIG. 13 shows a timing diagram of the falling-edge portion 
in accordance with one embodiment of the present invention, wherein the 
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transitions of the flag signals are performed in a high-level region. This 
case occurs in a normal condition in which the transitions of said first 
falling flag signal FLAG Fl and said second falling flag signal FLAG F2 
are performed in the region "d" where clock II is low, therefore the sampled 
data are correct. 

On the other hand, the present invention can also be applicable to the 
case in which the data are stored into the buffer during the falling transition 
of the sampling clock signal. For the implementation of this case, only the 
falling-edge device of the embodiment of the present invention is necessary. 
However, the rising-edge device of the embodiment of the present 
invention can also be used for the same purpose. In order the distinguish 
the present invention from the prior arts, one embodiment of the 
falling-edge device is exemplarily described. As shown in FIG. 10 and 
FIGs. 1 1 A and 1 IB, the circuit comprises a trigger circuit, implemented by 
using a ring counter and triggered by the falling-edge sampling signals so 
as to generate the falling-edge flag signals FLAG Fl and FLAG F2 form a 
ring counter by using a plurality of flip-flops. 

Meanwhile, as shown in FIGs. IIA and IIB, there are provided a 
plurality of falling-edge circuits, implemented by using a plurality of 
serially connected flip-flops, wherein the clock input signal of said 
plurality of serially connected flip-flops is generated by an OR operation of 
said clock signal and said falling flag signal provided by an OR gate. In the 
falling-edge circuits, an excess pulse edge occurs when the data transfer is 
performtid in a low-level region. Even though the sampled data by the 
excess pulse edge may be incorrect, it can be over-written with the correct 
data sampled afterwards such that the error data can be prevented and the 
correct data can be ensured. Moreover, the embodiment of the falling-edge' 
sampling circuit can be implemented by using D-type flip-flops so as to 
form a ring counter and a sampling clock generation circuit. 

Hereinafter, the high-speed data transfer/storage technique of the 
present invention is compared to the prior art in three aspects: 

1. In the prior art, the transitions of the flag signals is limited in a 
low-level region, which only lasts half a clock cycle. On the 
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contrary, in the present invention, the timing margin can be 
prolonged from half a clock cycle to a full clock cycle. However, 
due to the switching of the flag signals, an excess rising/falling 
edge may occur and cause an error when the data are input into the 
buffer. In the present invention, sampling clock for rising-edge 
sampling generated by an AND gate or sampling clock for 
falling-edge sampling generated by an OR gate is used so that the 
excess pulse edge can be ensured to occur before the correct edge 
and the error data caused by the excess pulse can be over-written 
with the correct data input afterwards. Therefore, a clock cycle of 
timing margin can be obtained and the data stored in the data 
buffer can be ensured to be correct. 

2. In accordance with the preferred embodiment of the present 
invention, both the rising edge and the falling edge of the clock 
signal are adopted by the data buffer. However, when only the 
rising edge or the falling edge of the clock signal is needed, only 
the rising-edge device or the falling-edge device needs to be used. 

3. The high-speed data buffer of the present invention can be 
applicable to not only high-speed data communication systems but 
also all kinds of high-speed system in which data buffers are 
necessary. 

As discussed so far, in accordance with the present invention, there is 
provided a high-speed data buffer, wherein an excess pulse edge occurs and 
the sampled data may be incorrect but can be over- written with the correct 
data sampled afterwards, so as to ensure the sampled data being correct. 
Consequently, the present invention is progressive and has great potential 
in commercial applications. 

Although this invention has been disclosed and illustrated with 
reference to particular embodiments, the principles involved are susceptible 
for use in numerous other embodiments that will be apparent to persons 
skilled in the art. This invention is, therefore, to be limited only as 
indicated by the scope of the appended claims. 
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